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APPLICATION NOTE 
A Pulsed-Leak Valve for Use with Ion Trapping 
Mass Spectrometers 
Charles Q. Jiao, Don Rufus A. Ranatunga, Weldon E. Vaughn, and 
Ben S. Freiser 
H. C. Brown Laboratory of Chemistry, Purdue University, West Lafayette, Indiana, USA 
A pulsed-leak valve that allows the introduction of a prolonged, flat, and controllable pulse 
of gas is described. Test results from the valve that utilized a Fourier transform ion cyclotron 
resonance mass spectrometer with Ar and C,H, as the sample gases indicate that the valve 
functions as expected and yields basically rectangular pressure profiles in the cell region. The 
rise and fall times are similar to those of just the stand-alone pulsed valve and are believed 
to be determined mainly by the design of the vacuum system, rather than the design of the 
pulsed-leak valve. Kinetic data for the reaction of Nb+ with C,H,, acquired with the use of 
the pulsed-leak valve to introduce the C,H, gas, demonstrates the practical application of 
this valve for kinetic and other analogous studies. Use of the pulsed-leak valve greatly 
reduces the loss of the reactant ion signal during the cooling period. (1 Am Sot Muss Spectrom 
1996, 7, 118-122) 
T wo valves commonly used to introduce gases into the reaction chamber of an ion trapping mass spectrometer are the leak valve (one of the 
popular leak valves is the Varian controlled leak valve), 
through which gas samples are leaked at a constant 
rate into the vacuum chamber, and the pulsed valve 
[l-4], through which gas samples are pulsed into the 
vacuum chamber at specified times. These two types 
of valves function differently and, thus, are used for 
different purposes. In our laboratory, for example, leak 
valves are used in conjunction with Fourier transform 
mass spectrometry (FTMS) to establish a constant pres- 
sure to study reaction pathways 151 and to measure 
rate constants by monitoring ion intensities as a func- 
tion of time [6]. Pulsed valves are ideal for introduc- 
tion of collision and reaction gases, which then can be 
pumped away before the end of an experimental se- 
quence. This procedure is useful to eliminate complica- 
tions due to the presence of a reagent gas and to 
reduce the pressure for improved resolution perfor- 
mance [71. Unfortunately, each valve also has its lirni- 
tations: the leak valve cannot be gated open and closed 
at desired times during an experimental cycle, whereas 
for the pulsed valve, on the other hand, a constant and 
controlled pressure of the gas introduced cannot be 
obtained. 
It is desirable to mix the advantages of these two 
valves: that is, the ability to pulse a gas sample on and 
off at a constant pressure and with fine control (the 
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static pressure can be as low as - lo-’ torr) during a 
specified time period. For example, to obtain kinetic 
data conveniently, the reagent must be leaked into the 
cell at a known pressure. By the time the selected ion 
is thermalized by collisions and isolated, the signal 
often is diminished by “uncontrolled” reactions with 
the leaked-m gas. Thus, it would be desirable to 
“pulse-on” the leak valve after the ion is generated 
(note that the ion formation may require a complex 
MS/MS sequence that involves other pulsed gases), 
cooled, and isolated. A pulsed valve with a very small 
adjustable aperture would function as a leak valve 
also. However, with current technology, such a valve 
would be expected to be prohibitively expensive. Here 
we report a simple but effective way to achieve this 
goal: connect one leak valve and two pulsed valves to 
form a “pulsed-leak valve.” Test results from the 
pulsed-leak valve, which include gas pressure profiles 
of Ar and C,H,, and kinetic data from the reaction of 
Nb+ with C,H,, presented here look highly promis- 
ing. 
Experimental 
All experiments were performed on an Extrel (Madi- 
son, WI) FTMS-2000 Fourier transform ion cyclotron 
resonance mass spectrometer [8]. The instrument is 
equipped with a dual cell [9] (each 4.9 cm x 4.9 cm x 
4.9 cm) and a 3-T superconducting magnet. The trap- 
ping potentials of the cell were maintained at 2 V. Ar+ 
and ions from C,H, (namely, C,H: with x = l-6) 
were generated in the cell by 70-eV electron impact 
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(EI) on the neutral gases Ar and C,H,, respectively. 
The electron emission current was 20 /IA and the 
electron beam duration was 10 ms. Nb+ was generated 
by focusing the fundamental output (1064 run) of a 
Q-switched Quanta Ray Nd:YAG laser (Quanta Ray, 
Mountain View, CA) onto a pure Nb metal target [lo]. 
The metal target is supported on a flange of a four-way 
cross that extends from the analyzer region and is 
external to the solenoid magnet [Ill. The magnetic 
field focuses a portion of the ions down the center of 
the chamber, and no additional extraction or focusing 
optics are required to achieve intense metal ion signals 
in the analyzer cell. After formation, Nb+ was thermal- 
ized in the presence of Ar at 2 x 10e6 torr for 1 s 
before it was reacted with C,H,. 
Chemicals were obtained commercially in high pu- 
rity and used as supplied. A Bayard-Alpert ionization 
gauge (Granville-Phillips, Boulder, CO) was used to 
monitor the absolute pressures of Ar and C,H,. The 
pressures were corrected via procedures that calibrate 
the ion gauge sensitivity toward Ar and C,H, [12] and 
that take into account the location of the gauge relative 
to the reaction cell [13]. To obtain the pressure profile 
as a function of time, a fast ion gauge could be used to 
monitor the change in pressure. However, in our 
FTMS-2000 instrument, the location of the ion gauge is 
offset from the cell region [13]. Thus, there will be a 
timing offset as well as a pressure difference between 
the ion gauge reading and the real pressure in the cell 
region. For this reason, the pressure pulse was profiled 
by acquisition of EI spectra of the gas as a function of 
time in the following manner. Following the trigger 
sent by the computer to open the pulsed-leak valve, 
the EI beam was triggered on for 10 ms at a constantly 
increasing delay as the experiment progressed. Ten 
transients were acquired at each time. The intensities 
of the ions generated by the EI beam reflect the amount 
of gas in the cell region and, thus, the profile of the gas 
pressure was obtained by conversion of the EI intensi- 
ties into pressures by using a working curve obtained 
under static pressure conditions. 
Results and Discussion 
Our first idea to construct a pulsed-leak valve simply 
was to connect a pulsed valve to a leak valve, as 
shown in Figure la. With the leak valve used to finely 
tune the pressure of the vacuum chamber, the pulsed 
valve was designed to open at t, and close at t, to 
yield the desired pressure profile shown by the solid 
line in Figure lb. However, the test results showed 
that although the rising edge of the pressure profile 
was sufficiently sharp, the falling edge had a very long 
tail (illustrated by the dashed line in the figure), which 
typically required more than 10 min for the pressure to 
drop to 10% of the original level. This occurs, of 
course, because of the finite space between the pulsed 
valve and the leak valve (the smallest volume we 
could achieve was - 0.1 mL) and the poor pumping 
(a> 
reservoir %Ed cell region 
(b) 1 ~“~““~~~~~~~~‘~~‘~............_.,.,_,,,,,,,,,,~,,,,,, 
‘I ‘2 
cc> 
reservoir leak valve cell region 
(4 
: : ‘., 
I 
‘I t2 
pulsed valve I 
5 ms 
pulsed valve 2 
Figure 1. A pulsed-leak valve made by connection of a pulsed 
valve and a leak valve in the direction shown in (a) would have 
the pressure profile shown by the dashed line in fb), with a long 
tail in the falling edge. If the connection of the two valves is in 
the opposite direction Cc), a big spike would be expected at the 
rising edge Cd). The modified design of the pulsed-leak valve, 
which consists of a leak valve and two pulsed valves fe), will 
have the pressure profile shown by the dashed line in CD. The 
experimental scheme for the operation of the two pulsed valves 
is also shown in ff). 
speed through the small aperture of the leak valve. 
Figure lc shows another way to connect these two 
valves. This type of pulsed-leak valve has not been 
tested yet, but it is expected to yield the pressure 
profile shown by the dashed line in Figure Id, with a 
big spike at the rising edge. 
To solve the tailing problem seen in Figure lb, we 
modified the design as shown in Figure le. This design 
consists of two pulsed valves and one leak valve with 
a “dead volume” between these valves (called the 
valve space in this article) of - 3 mL. Pulsed valve 1 
(General Valve Corp., Fairfield, NJ, series 9 pulsed 
solenoid valve with a 0.006-m orifice) is used to intro- 
duce the gas into the valve space, and pulsed valve 2 
(General Valve Corp. series 9 pulsed solenoid valve 
with a 0.030-m orifice) is connected to a mechanical 
pump and used to pump the residual gas out of the 
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valve space. The outlet of the leak valve (Varian con- 
trolled leak valve) is connected to the vacuum system 
of the FTMS-2000 (the volume of the vacuum system 
of the analyzer side is - 25 L), which is maintained at 
a background pressure of - 3 x 10m9 torr by using a 
700-L/s diffusion pump. The inlet of pulsed valve 1 is 
connected to a - 40-mL reservoir in which the gas 
pressure is - 1 atm. A scheme for the operation of the 
pulsed-leak valve is shown in Figure lf, along with the 
desired gas pressure profile. The pressure is designed 
to rise from background level to a certain pressure at 
time t, and drop back to the background level at time 
rz. During operation of the experiment depicted in 
Figure If, pulsed valve 1 is triggered at time t, to open 
for a short period (5 ms) to allow the gas to enter into 
the valve space and begin to leak into the vacuum 
system through the previously adjusted aperture of the 
leak valve. The static gas pressure in the vacuum 
system can be manipulated by changing the backing 
pressure in the reservoir, the opening period of pulsed 
valve 1, and/or the aperture of the leak valve. Because 
the leak valve rate is small relative to that of the 
pulsed valve, the gas pressure of the valve space and, 
thus, the static pressure of the vacuum chamber, re- 
mains approximately constant. At time t,, pulsed valve 
2 is triggered open to pump out the gas in the valve 
space, which results in a rapid drop of the gas pressure 
in the vacuum system. Again, because the aperture of 
the leak valve is small, the pressure of the valve space 
does not have to be very low to maintain a good 
background pressure in the vacuum chamber. 
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To test how well the pulsed-leak valve functions, 
the profile of the gas pressure in the cell as a function 
of time (referred to the time between opening and 
closing of the pulsed-leak valve) was examined. Argon 
was used as the sample gas at two static pressures, 
1.1 X lo-’ and 7.2 X lo-’ ton-, in the cell region. The 
pressure profiles are shown in Figure 2a and b, respec- 
tively. At 1.1 X 10m5-torr static pressure, it can be seen 
that after pulsed valve 1 opens at t,, the pressure 
reaches the desired level within about 0.4 s, and after 
pulsed valve 2 opens at t,, the pressure drops to 5% of 
the original level in - 0.5 s. The pressure profile at 
7.2 X lOmE-torr static pressure, shown in Figure 2b, 
displays a similar shape to that in Figure 2a except that 
the falling edge has a somewhat longer tail (in terms of 
the relative pressure). Two points should be made 
here. First, the actual fluctuation of the pressure is less 
than it appears in these figures. This is evidenced by 
the ion gauge reading, which reflects the static pres- 
sure of the cell and indicated a pressure of 1.1 A 0.0 x 
10m5 or 7.2 + 0.1 X 1Om8 torr (note that gauge readout 
has two significant figures), respectively, a few sec- 
onds after the valve was opened. Thus the fluctuation 
is likely to be due mainly to the variation of the EI 
conditions, which yield slightly different ion popula- 
tions from shot to shot. Second, the data in the figures 
show that the pressure is constant over a period of 10 
s. We have tested longer times and, for example, it was 
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Figure 2. Pressure profiles of Ar gas at the static cell pressures 
of 1.1 X 10e5 torr (a) and 7.2 x lo-’ torr fb), and C,H, gas at 
the 7.0 x 10-s torr (13. The pulsed-leak valve is opened at t = 0, 
and closed at t = 10 s. Dashed lines indicate the desired pressure 
profiles. The error bars are estimated from the dispersity of the 
data in the working curve (see Experimental). 
found that at 1.1 x lop5 torr, it took up to 100 s for the 
pressure to drop only about 5%, and at 7.2 X lo-s-torr 
pressure, it took more than 600 s for the same percent- 
age drop. 
C,H, gas also was used to test the function of the 
pulsed-leak valve. All of the ions from C,H, (namely, 
C,H: with x = l-6) are counted for the total ion 
intensity, which is then converted to the pressure of 
C,H, (see Experimental). The pressure profile is shown 
in Figure 2c for a static pressure of 7.0 X lo-* torr. 
Although the shape of the rising edge is similar to that 
of Ar gas, the falling edge exhibits a significantly 
longer tail, which takes about 4 s to drop to the 5% 
level. This long tail, however, will not affect kinetic 
data because the ions can be detected before the 
pump-down event. Although the advantage of ion 
detection under reduced pressure for ultra high resolu- 
tion is lost as a result of this trade-off for high quality 
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kinetic data, in most cases the need to collect kinetic 
data at ultra high resolution is not necessary. 
To exemplify the use of the pulsed-leak valve for 
kinetic studies, Nbf generated by laser ablation and 
thermalized for 1 s in 2 x 10e6-torr Ar was reacted 
with C,H,, which was pulsed-leaked into the ion 
cyclotron resonance cell at a static pressure of 7.0 X 
10e8 torr. The experimental results are shown in Fig- 
ure 3, which gives a semilog plot of the normalized 
intensity of the reactant ion (Nb+) versus the reaction 
time. The straight line in the semilog plot suggests that 
a constant pressure of C,H, is achieved over the 
reaction time of up to 7 s. 
Next we consider the factors that affect the gas-pulse 
shape, particularly the rising and falling edges. In the 
sequence of events, first pulsed valve 1 opens for 5 ms 
during which time the pressure in the valve space 
reaches a static state. The rise time of the pressure 
profile, therefore, is mainly due to the diffusion of the 
gas from the valve to the cell region where it reaches a 
steady state. Thus, the closer the valves are to the cell 
region, the shorter will be the rise time. It is interesting 
to note that the rise times of the pressure profiles in 
each of the foregoing experiments were about the 
same, despite the different pressures or different gases. 
The fall times, however, showed measurable differ- 
ences, dependent on the pressure and the compound. 
If we neglect the compound dependence, the fall time 
is determined mainly by the pumping speed of the 
vacuum chamber, rather than by the valve space, be- 
cause the - 3-mL volume of the valve space is 
pumped down relatively quickly when pulsed valve 2 
is opened. This hypothesis is proved by the fact that 
there was no noticeable difference in the pressure fall 
time when pulsed valve 2 was open for 1 or 2 s, which 
indicates that within 1 s, the valve space of the 
pulsed-leak valve is pumped down effectively. We can 
expect that the tailing of the pressure profile can be 
reduced if the vacuum chamber is smaller and/or the 
pumping capacity of the chamber is increased. 
Several parameters of the pulsed-leak valve need to 
be considered in experiments. To adjust the static pres- 
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Figure 3. Semilog plot of the normalized intensity of reactant 
ion versus time for the reaction of Nb+ with C,H,. 
sure portion of the gas profile in the cell region, one 
can change the aperture of the leak valve, the opening 
period of pulsed valve 1, and/or the backing pressure 
of the reservoir. The aperture cannot be too large 
because otherwise the pressure could not be held con- 
stant over a sufficient length of time. If a relatively 
high cell pressure is needed, then there should be a 
high pressure in the valve space, which can be accom- 
plished by keeping pulsed valve 1 open longer and/or 
by using a higher backing pressure in the reservoir. 
Similarly, the opening period of pulsed valve 1 cannot 
be too long; otherwise a larger reservoir volume is 
required to keep a constant pressure over a certain 
number of experimental cycles. Thus, a high backing 
pressure in the reservoir is required when high cell 
pressures are desired. Our experimental data show 
that with the - 1-atm backing pressure in the reser- 
voir, the cell pressure can be regulated in the range up 
to lop5 torr. 
Conclusion 
To obtain a flat and more controllable pulse pressure 
profile, a simple yet effective pulsed-leak valve has 
been constructed by using two pulsed .valves and a 
leak valve. Results from tests with Ar gas at pressures 
of 1.1 x 10m5 and 7.2 X lo-* torr and with C,H, at 
7.0 x lo-* torr showed that the rise time of the pres- 
sure profile is about 0.4 s and the time for an approxi- 
mately constant cell pressure to last is more than 100 
and 600 s for the pressures of 1.1 x 10e5 and 7.2 X 10m8 
torr, respectively. The fall time is longer, ranging from 
0.5 to 4 s for the pressure to drop to 5% of the original 
level. However, this long tail does not affect the acqui- 
sition of the correct kinetic data, because the ions can 
be detected just prior to the falling edge of the gas 
pulse. The rise and the fall times are essentially the 
same as those that affect a stand-alone pulsed valve 
and are believed to be determined mainly by the 
design of the whole vacuum system, rather than by the 
design of the pulsed-leak valve. Improvements to the 
pressure profiles can be achieved by position of the 
valve closer to the cell region, reduction of the size of 
the vacuum system, and increased pumping speed. 
The pulsed-leak valve will be particularly invalu- 
able in multistep reaction studies, as well as in kinetic 
studies like the one mentioned in the preceding text. 
Frequently several steps are required to generate the 
desired ion and, following cooling and isolation, signal 
may be lost if the reagent gas is leaked continuously. If 
a stand-alone pulsed valve is used for this purpose, 
however, not only are kinetic experiments ruled out, 
but with peak pressures of - lo-’ torr, termolecular 
processes also may be involved, which complicates the 
interpretation of the reaction pathways. In this respect, 
the use of a pulsed-leak valve provides a better solu- 
tion because it gives a finer control of the pressure 
down to the range of - 10-a torr. In addition, we 
have found that the pulsed-leak valve also works well 
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with volatile liquid and solid samples, by using an 
extended open time of pulsed valve 1 to maintain 
sufficient pressure in the valve space. Finally, the use 
of a single three-way pulsed valve to replace pulsed 
valves 1 and 2 is under consideration. 
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